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Abstract 


The increasing number of devices emitting magnetic fields raised valid questions concerning 
their safety and potential risk for human exposure and its limits. For this purpose fifteen adult 
mice were exposed to extremely low frequency electromagnetic field (ELMF) at a frequency of 
60 Hertz (Hz) and intensity of 20 millitesla (mT) for 2 hours for 2 consecutive days. Other 10 
animals served as a control. 

After their sacrifice, serum testosterone was determined. In addition, electron 
microscopic study of mice brains and testes was done. 

The present study revealed that exposure to EMF caused significant increase in serum 
testosterone. 

Electron microscopic examination of brain cells showed marked demyelination of nerve 
fibres with degeneration of nerve cells. There was also degeneration of some spermatogenic 
cells with abnormal sperm morphology. 

In conclusion, the present study showed evident biochemical and histopathological changes of 
ELMF on the brain and testis. Further studies would be useful to assess the effect of other 
doses of exposure and to follow the degree of reversibility of these changes. Other 
investigations are also advisable to minimize the above biological effects and protect against 


extremely low frequency electromagnetic 
field (ELMEF) produced by household 
wiring and fluorescent lighting is common. 
Other sources are any appliances that are 
plugged into the wall or battery operated. In 
addition, electric clocks and clock radio 
have been mentioned as major sources of 
night time exposure of children (Preece, 
1997). 

The increasing numbers of devices 
emitting magnetic fields raised 2 valid 
question concerning their safety and the 
potential risk of human exposure and its 
limits (Valberg, 1996). During the past 
20years a number of studies have suggested 
an increased risk of cancer induced by 
electromagnetic fields (Yasui, 1997 and 
Simko, 2004). The National Institute of 
Environmental Health Science (NIEHS) 
declared that EIMF should be regarded as a 
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ELMF. 


Introduction 


The term electromagnetic field is 
applied to a type of energy that is beamed 
through the air, having two components, an 
electric field and another magnetic one. The 
electric component influences primarily 
particles of the surface of nearby object, 
while the magnetic field penetrates to the 
interior (Santini et al. 2005). High magn- 
etic field strengths may be encountered near 
switching stations, research facilities and 
video display terminals (David et al., 
2002).Moreover, application of magnetic 
field devices in medicine as a diagnostic 
tool (magnetic resonance imaging or magn- 
etic resonance spectroscopy used to study 
tissue metabolism) or as therapeutic techn- 
iques (to enhance bone fracture healing and 
tissue regeneration), increased the chance of 
exposure to magnetic fields (Otter ef al., 
1998).On a daily basis, exposure to 
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rectangular coils. A computer program was 
designed to calculate the field strength in 
the cage. This allowed regular and equal 
exposure of large number of animals. Food 
and water were kept in special open 
containers fixed in the cages. Cleaning and 
changing water and food were done for all 
animals twice daily. Animals of the control 
group were housed in a similar cage, kept 
during the run of the experiment in a typical 
chamber having the same dimensions of the 
exposure facility. 


II. Experimental biochemical parameters 
Serum testosterone 

On the third day, the animals were 
anesthetized by ether and blood was 
obtained from the heart directly by needle 
aspiration. The blood samples were 
centrifuged and serum was separated for the 
radioimmunoassay of testosterone (Mc 
Carm et al., 1985).. 


III. Histopathological examination 
A. Extraction of the brain 

After obtaining the blood samples, 
intracardiac perfusion of O.5c.c. of the 
fixative(buffered glutaraldhyde 2.5%) was 
done followed immediately by decapitation. 
The soft tissue of the scalp was removed, 
followed by removal of the skull cap by a 
midline incision extending from the 
foramen magnum to the nose along the 
Sagittal suture then careful removal of the 
bone around. Some of the fixative used was 
added during the dissection to avoid rapid 
autolysis. The brains were extracted. Small 
cubes of 1mm in dimension were cut using 
a sharp razor from the cortex of cerebral 
hemispheres at an area near the middle line 
and that corresponds to the coronal suture, 
with careful manipulation to avoid 
disturbance in the tissue structure. 


B. Extraction of the testes 

As regards the testes, immediately 
after sacrifice, they were dissected out and 
decapsulated, put in a fixative (buffered 
glutaraldehyde 2.5 %) for one hour and 
then cubes of 1 mm in dimension were cut 
by a sharp razor from the outer layer of the 
testes with careful manipulation, too. 


potential carcinogen. The existing 
evidences require more research efforts on 
the possible health impact of EIMF 
regarding adequate exposure and dose 
assessment (Boorman et al., 2002). 

Reviewing the literature, it was found 
that tissues with higher hydration as brain 
and testis were more sensitive to magnetic 
field (Arutiunian et al., 1998), yet many 
controversies regarding the biological 
effects on these organs were encountered. 
Schirimacher et al. (2000) reported 
increased permeability of blood brain 
barrier (BBB) on exposure to magnetic 
field. On the contrary, Kuribayashi et 
al.(2005) declared that neither BBB related 
gene or vascular permeability were affected 
by exposure. Some investigators reported 
affection of testicular germ cell (Lee et al., 
2004), while others denied any magnetic 
field exposure related histopathological 
alteration in testicles of mice (Forgacs et 
al., 2004). 

So, the aim of this study is to 
demonstrate the biological effects of 
extremely low frequency EIMF on the 
brains and testes of mice to emphasize its 
potential risk and throw more light on such 
controversies. 


Materials And Methods 


I. Experimental animals and method of 
exposure 

Twenty-five adult male mice 
weighing between 20-30 grams were 
employed. They were obtained from the 
animal house of National Centre for 
Radiation Research and Technology, Cairo 
(NCRRT). The animals were divided into 
two groups. The first group served as a 
healthy control group and consisted of 10 
animals. The second group included 15 
animals exposed to ELMF at frequency of 
60 Hertz (Hz) and intensity of 20 millitesla 
(mT) for 2 hours and for two consecutive 
days using a modified exposure system 
which was designed and constructed locally 
in NCRRT (Saad El- Din et al., 2000).The 
system included a water-cooled wooden 
cage surrounded with an electromagnet that 
consisted of three parallel closely connected 
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white matter. Histologically, they were 
composed of neurones, supporting cells of 
central nervous system (glial cells) and 
blood vessels. The grey matter contained 
most of the neurone cell bodies while the 
white matter contained the axons. The cell 
body of the neurone possessed a large 
rounded euchromatic nucleus with 
prominent nucleolus surrounded by 
cytoplasm containing various organelles as 
rough endoplasmic reticulum, numerous 
scattered mitochondria, lysosomes, free 
ribosomes, neurofilaments, microtubules 
and Golgi apparatus. The surrounding 
axons forming nerve fibres contained 
mitochondria, neurofilaments and 
microtubules (fig.1). Blood capillaries of 
the continuous type were also encountered. 
They were lined by endothelial cells that 
encircled the capillary lumen, their plasma 
membranes approximating one another very 
closely and were bound together by tight 
junctions. Small cytoplasmic flaps called 
marginal folds or filopodia extended across 
the intercellular junctions.The capillary 
endothelium was supported by thin basal 
lamina (fig.2). The axons were seen either 
myelinated or non- myelinated. The control 
myelin sheath was formed of regularly 
arranged concentric lamellae that acquired 
either oval or rounded contour in cross 
section .These lamellae showed dense 
regular period lines alternating with less 
dense intra-period lines (fig.3). 

Effect of ELMF on the cerebral 
hemisphere was most evident on some 
nerve cells which showed signs of 
degeneration of cell organelles especially at 
the peri-nuclear region. Degenerating 
mitochondria showing disrupted cristae and 
vacuolation were encountered in the 
cytoplasm. Some of the surrounding 
unmyelinated axons appeared with pale 
cytoplasm and affected neurofilaments and 
microtubules. Others remained intact while 
few thinnly myelinated axons appeared 
affected (fig.4).As regards the blood 
capillaries, junctions between endothelial 
cells were noticed with filopodia seen 
across these intercellular junctions. 
Vacuolation was seen in the perivascular 
area (fig.5). The myelin sheath showed also 
evident degenerative changes in the form of 
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C. Processing for transmission electron 
microscopy 

The small cubes of both the brain and 
testis were then fixed in 2.5% 
glutaraldehyde for 24hours then washed by 
phosphate buffer (pH 7.4) three times, 10 
minutes for each. The slices were then fixed 
in 1% osmium tetroxide for one hour then 
rewashed in phosphate buffer in the same 
sequence. The samples were then dehy- 
drated by gradually increasing concentr- 
ations of ethyl alcohol for 1/2hour each 
time and then kept in absolute alcohol for 
one hour. The samples were then treated 
with propylene oxide and then embedded in 
spurr resin to form gelatin blocks. Blocks 
obtained were trimmed under binocular 
microscope and semithin sections were cut 
using LKB microtome. The semithin 
sections(1 um thick) were stained by 1% 
toluidine blue stain and examined under 
light microscope for general orientation 
before ultrathin sectioning. Then, ultra thin 
sections (300 A°) were cut and picked up 
on copper grids.They were double stained 
by uranyl acetate and lead citrate (Hayat, 
1989).The stained sections were examined 
and photographed by transmission electron 
microscope (Philips-CM 100) at the 
Electron Microscope Unit, Anatomy 
Department, Faculty of Medicine, Ain 
Shams University. 


IV. Statistical analysis: 

The obtained biochemical results were 
statistically analyzed using Student "t" test, 
where P-value <0.05 was considered 
significant (Altman, 1994). 


Results 


I. Biochemical Results: 

The present work revealed significant 
increase in serum testosterone in the 
exposed group (group II) when compared 
with the control group (group I) (table 1). 


II. Histopathological Results: 
A. Brain 

The cerebral hemispheres of the 
control adult mice consisted of a cortex of 
grey matter overlying a central mass of 
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surrounded by mitochondrial sheath (fig.10 
a&b). Interstitial cell of Leydig was 
encountered in the section with large 
eccentric nucleus, and microvilli 
protruding from the cell. The cytoplasm 
contained moderate amount of lipid 
droplets, numerous mitochondria and 
profuse smooth endoplasmic reticulum 
(fig.11). 

The exposed testis to ELMF showed 
variable degenerative changes within the 
seminferous tubules. Some Sertoli cells 
showed pale nucleus, electron lucent areas 
and vacuolation within the cytoplasm. 
Multiple vacuolated degenerated mitocho- 
ndria were encountered with the presence 
of lysosomes and multivesicular bodies 
(fig.12, 13).Dilated smooth endoplasmic 
reticulum and separation of some Sertoli 
cell from the basal lamina with disruption 
of collagen fibers were also seen (fig.12). 
Some primary spermatocytes showed 
irregular shrunken pyknotic nuclei, 
vacuolation in the cytoplasm, dilatation of 
endoplasmic reticulum and presence of 
lysosomes (fig.14). Sperm abnormalities 
were noticed in the form of abnormal 
heads (fig.15). The interstitial cell of 
Leydig of the exposed group showed 
dilated smooth endoplasmic reticulum and 
numerous lipid droplets in the cytoplasm. 
The mitochondria and the lysosomes were 
within normal (fig.16). 


disruption with no differentiation between 
period and intra-period lines. Multiple 
interrupting large vacuoles appeared within 
the sheath (fig.6).Other myelin sheathes 
showed separation of their lamellae which 
was either focal or diffuse throughout the 
whole cross sections (fig.7). 


B-Testis 

Electron microscopic examination of 
the testis of the control adult mice showed 
that the seminiferous tubules were lined 
with a complex stratified epithelium consi- 
sting of spermatogenic cells at different 
stages of differentiation together with 
supporting Sertoli cells. The seminiferous 
tubules were encircled by a thin basal 
lamina with a sheath of myoid cells outside 
this lamina. The Sertoli cells showed irre- 
gular nuclei with a notable deep infolding 
of the nuclear membrane, situated in close 
proximity to the basement membrane 
together with adjacent spermatogonia 
(fig.8). Primary spermatocytes were also 
seen as large rounded cells with rounded 
nuclei and copious cytoplasm containing 
different cell organelles. The mitochondria 
were seen with short ill defined cristae 
(fig.8, 9). The ultra structural feature of the 
mature sperm was also observed; the head, 
neck middle piece and tail. The head 
showed deeply condensed nucleus with 
acrosomal cap while the middle piece 
showed central microtubules, peripheral 
microtubules and outer dense fibres 


Table (1): Student “t” test statistical analysis of serum testosterone of the control group 
(group I: consisted of 10 animals) and EMF exposed group (group II: consisted 


Exposed group (II) 


of 15 animals). 


Control group (I) 





0.46±0.13 


0.84±0.25 


Testosterone 1 


t: Comparison between exposed and control groups. 


p < 0.05 significant difference. 
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Plate I: Eelectron micrographs of sections of cerebral hemisphere of adult control mice 
showing: 


Fig. [1]: Part of the cell body of a neuron with euchromatic large rounded nucleus (N) and 
prominent nucleolus. Notice scattered mitochondria (M), clusters of rough endoplasmic 
reticulum(R),Golgi apparatus (G) and lysosome (>) in the cytoplasm. Notice also surrounding 
axons (A) containing mitochondria, neurofilaments(F) and microtubules(T). 

(x4000) 

Fig. [2]: Continuous type of blood capillary. Notice two adjacent endothelial cells (E) bound 
together by tight junction (>) with filopodia (F) overhanging. The endothelium is surrounded by 
basal lamina (>) enclosing a lumen (L) containing a red blood cell. 

(x 10000) 

Fig. [3]: Intact myelinated (m) nerve fibre. Note the concentric regularly arranged lamellae of 
the myelin sheath showing period and intra-period lines. 

(x20000) 
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Plate II: Eelectron micrographs of sections of exposed cerebral hemisphere of adult mice 
showing: 


Fig. [4]: Degenerating nerve cell with electron lucent areas (v) and degenerated cell 
organelles especially at the perinuclear region. Notice degenerating mitochondria (M) with 
disrupted cristae and vacuolation. Notice also pale cytoplasm of surrounding unmyelinated 
axons (A) with affected neurofilaments and microtubules and the affected other thinnly 
myelinated axons(MA).Intact unmyelinated axons(UA)are also seen. 

(x4000) 


Fig. [5]: Continuous type of blood capillary lined with endothelial cell (E) surrounding 
lumen (L) containing a red blood cell. Notice filopodia (F) overhanging intact intercellular 


junction (>). Vacuolation (V) is seen in perivascular area. 
(x3000) 
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Plate III: Electron micrographs of sections of exposed cerebral hemisphere of adult mice 
showing degenerative signs of myelin sheath: 


Fig. [6]: Notice the presence of interrupting vacuoles (v) within the sheath with loss of 
differentiation between period and intraperiod lines. 
(x8000) 
Fig .[7]: Notice the interrupted cross section of myelin sheath with focal (F) or diffuse (D) 
separation of lamellae. 
(x4000) 
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Plate IV: Electron micrographs of sections of testes of control adult mice showing: 


Fig. [8]: Part of a seminiferous tubule. Notice a Sertoli cell lying on the basal lamina (>)of 
the seminiferous tubule, with oval nucleus (N) , prominent nucleolus and infolding of its nuclear 
envelope .Notice also the adjacent Spermatogonia (SG) and an overlying primary spermatocyte 
(SC). Nucleus(N 1) of a myoid cell is seen outside the basal lamina. 

(x3810) 

Fig. [9]: A primary spermatocyte with a central large spheria nucleus (N) and copious 

cytoplasm containing cell organelles. Notice mitochondria (M) with short ill defined cristae. 
(x6000) 
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Plate V: Electron micrographs of sections of testies of control adult mice showing: 


Fig. [10a]: A sperm with head containing deeply condensed nucleus È) and acrosomal cap 
> 


(A).A cross section of the tail (T) is seen. 
(X5280) 

Fig.[10b]: The middle piece of a sperm with central microtubules (*), peripheral 
microtubules (P), outer dense fibres (F) and mitochondrial sheath (>). 

(x11500) 

Fig. [11]: An interstitial cell of Leydig. Notice the nucleus (N) surrounded by cytoplasm 
containing moderate amount of lipid droplets (D), numerous mitochondria (M) and profuse 
smooth endoplasmic reticulum (E). Microvilli (>) are also seen protruding from the cell. 

(x6000) 


Error! 
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Plate VI: Electron micrographs of sections of exposed testes of adult mice showing: 


Fig. [12]: Part of a degenerating Sertoli cell with pale nucleus(N)lying on basal lamina 
(>).Notice presence of vacuolation (V), degenerated vacuolated mitochondria (M), lysosome 
(L) and dilated endoplasmic reticulum (E) in the cytoplasm. Notice also separation of Sertoli 
cell from basal lamina with disrupted collagen fibers (>). 

(x4000) 


Fig. [13]: A degenerating Sertoli cell .Notice the nucleus (N) with its characteristics 
indentation. Electronlucent areas (V) are seen in the cytoplasm. Notice also the presence of 


degenerated vacuolated mitochondria (M), multi-vesicular bodies (MB) and lysosomes (L). 
(x4000) 


Error! 
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PlateVII: Electron micrographs of a sections of exposed testes of adult mice showing: 


Fig. [14]: Primary spermatocyte with irregular pyknotic shrunken nucleus (N). Notice the 
presence of vacuolation (V), dilated smooth endoplasmic reticulum (E) and lysosomes (L) in the 
cytoplasm. 

(x4000) 


Fig. [15]: Abnormal sperms with abnormal heads (>). 
(x4000) 
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Plate VIII: 


Fig. [16]: An electron micrograph of a section of an exposed testis of an adult mouse 
showing a Leydig cell. Notice the dilated smooth endoplasmic reticulum (E). Lipid droplets (D) 
are numerous in the cytoplasm. The mitochondria (M) and lysosomes (L) are normal. 


(x4900) 


in DNA single and double breaks in rat 
brain cells (Lai and  Singh,1997). 
Prolongation of exposure time to 24hrs then 
48hrs caused cumulative increase in DNA 
single and double strand breaks(Lai and 
Singh,2004).Other studies investigated a 
damage in DNA of mice brain after 32 days 
of exposure to 7.5 uT(Svedenstal et 
al.,1999). DNA strand breaks might affect 
cellular functions, lead to carcinogenesis 
and cell death and be related to onset of 
neurodegenerative disease(Lai and Singh, 
2004). This might offer another explan- 
ation for the degenerative changes observed 
in the present work. Bersoni et al. (1997) 
reported that electromagnetic field exposure 
caused the biological macromolecule to 
rotate to achieve minimal energy causing 
splitting and subsequent recombination of 
the molecules leading to structural changes 


Discussion 


A. The Brain 

The present study showed that 
exposure to EIMF, caused degeneration of 
nerve cells with demyelination of nerve 
fibers. This was in accordance with Salford 
et al.(2003) who observed dark or damaged 
neurons in the cortex of rat brain following 
acute exposure(2hrs)to ELMF of different 
strengths. This was accompanied by 
pathological leakage of albumin through the 
BBB. The neuronal albumin uptake might 
cause organelle cell damage with release of 
hydrolytic lysosomal enzymes. Lui et al. 
(2003) stated that exposure to 50 Hz, 0.2 or 
6 mT electromagnetic fields for 2 weeks 
induced apoptosis and cell cycle alteration 
of mouse brain. Acute exposure(2hrs)to 
60HZ sinusoidal magnetic field at 
intensities 0.1-0.5 mT showed an increase 
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change in the gating mechanisms influences 
the membrane transport of cations such as 
calcium (Kim et al., 1998 and Lai and 
Singh, 2004). ELMF influences hormone- 
receptor interaction, adenylate cyclase 
activity and membrane transport and 
intracellular concentration of calcium and 
/or iron (Burchard et al., 1999 and 
Takahashi et al., 2005). Linz et al. (1999) 
reported increased calcium efflux from the 
cells with subsequent decrease in Ca++ 
binding to the glycocalyx of the cell 
membrane which in turn changes the 
excitability of the cells. This might correlate 
to the vacuoles encountered in the myelin 
sheath in the present work which might be 
oedmatous vacuoles. 


B. The Testis 

As regards the testis, the present work 
revealed significant increase in serum 
testosterone with degenerative changes in 
seminiferous tubules and abnormal sperm 
morphology without marked affection of 
Leydig cells. 

The elevated testosterone level was in 
agreement with Forgaces et al. (1998) who 
reported that sinusoidal 50 Hz 100 mT 
magnetic fields exposure for 48hrs were able 
to stimulate the basal testosterone 
production of primary mouse Leydig cell 
culture. Forgaces et al. (2003) added that the 
ELMF induced elevation in serum 
testosterone could be due to an elevated 
cAMP level. It is known that cAMP is one 
of the most important second messengers in 
Leutinizing hormone(LH) receptor mediated 
steroidogenesis by Leydig cells. 

The elevated serum testosterone in the 
present work could be correlated with the 
proliferation of the endoplasmic reticulum 
of Leydig cells. The increase in serum 
testosterone without marked affection of 
Leydig cell could be attributed to hormonal 
disturbance and not to direct testicular injury 
as suggested by Larch et al. (2001). 

On the contrary, Al-Akhras et al . 
(2005) reported that ELMF (50 Hz, 25 uT) 
for 12 consecutive weeks resulted in marked 
reduction in serum testosterone, LH and 
FSH in adult male rats. Ozyguner ef al. 
(2005) reported similar results. This 
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in the cellular proteins as a whole. On the 
contrary, Fritze et al. (1997), using 
immunohistochemical method, found no 
histological injury to the brain of rat on 
exposure to microwave for a duration of 4 
hrs at a specific absorption rate ranging 
from 0.3-7.5 w/Kg.This might be due to 
different techniques used. 

Another mechanism for ELMF induced 
brain affection is inhibition of brain glucose 
uptake from circulation, which might have 
resulted from alteration of blood flow 
through the brain (Sienkiewicz et al., 1993), 
or failure of the metabolic activity of the red 
blood cells and the damage of the heart 
muscle due to prolonged exposure of the 
animals to ELMEF (Ali et al., 2003). The 
brain has an absolute dependence of the 
blood for its immediate supply of oxygen and 
energy substrates. Interruption of oxygen or 
substrate supply due to impaired pulmonary 
or cardiovascular function or metabolic 
factors result in encephalopathy and, 
ultimately cell death (Butterworth, 1999). 

In the present work, the intercellular 
junctions between endothelial cells of the 
blood capillaries were intact. This was in 
accordance with Franke et al. (2005) who 
reported negative results in vitro on BBB 
models exposed to ELMF. On the contrary, 
Schirimacher et al. (2000) reported that 
magnetic field increased the permeability of 
the blood brain barrier and increased the 
intercellular clefts and decreased the zona 
occludens protein. This controversy might 
be due to different techniques used where 
immunohistochemistry is needed for further 
investigation. 

Several explanations for ELMF- 
induced affection of cell membrane had 
been postulated. Bell et al. (1992) reported 
that magnetic field passing through the body 
would actually induce electric current within 
the tissues due to its interaction with 
electrolyte flow. The magnetically induced 
electric field in the tissues may induce 
changes in the cell surface receptor 
molecules and ion binding to the membrane 
surface (Varani et al., 2002 and Xu and 
Loew, 2003). This may cause alteration of 
the proportion of opened gates which 
influence membrane permeability. The 
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brain and testis. Further studies would be 
useful to assess the controversy, effect of 
other doses of exposure and to follow the 
degree of reversibility of these changes. It is 
also advisable to conduct other studies 
concerning protection from ELMF and 
minimizing the above biological effects. 
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تقييم التغيرات التركيبية الناتجه عن المجالات المغناطيسسة ذات التردد 


4 0 


البالغ الانخفاض على الخصيه والمخ فى الجرذ الذكر البالغ 


*عائشة سعد الدين - * نبيلة عبد الرحمن عبد المتعال- **هايدى فريد عبد الحميد 
*** ياسر فؤد العقيد 
*مركز تكنولوجيا الإشعاع- هيئة الطاقة الذرية- ** قسم االتشريح 
*** قسم الطب الشرعى والسموم- كلية الطب - جامعة عين شمس 


أدت الزيادة المطردة فى الأجهزة التى تنتج حقول مغناطسبة ذات ترد بالغ 
الانخفاض سواء فى الصناعة أو الطب أو الأغراض المنزلية الى إثارة تساؤل منطقى 
عن مدى أمان هذه الجقول والخطورة المحتملة للتعرض لها وحدود الأمان لهذا 
التعرض ولهذا الغرض فلقد أجريت الدراسة على 25 جرذ ذكر بالغ حيث تم تعرض 
خمسة عشرة منها لمجال مغناطيسى تبلغ قوته 20ميللى تيسلا وتردده 60 هرتز لمدة 
ساعتين ليومين متتالين. كما استخدام عشرة جرذان كمجموعة ضابطه . ولقد أخذت 
عينات من الدم لقياس هرمون الذكورة ( التستستيرون) بالاضافة الى دراسة 
هستوتوباثولوجية حيث تم فحص المخ والخصى بالميكروسكوب الالكترونى النافذ ولقد 
اثبتت النتائج ارتفاع فى هرمون التستستيرون يصاحبه تلف فى خلايا المخ وغمد 
الميلين للالياف العصبية كما صاحب هذا التعرض لهذة الحقول تلف فى خلايا الخصيه 
وتغير فى شكل وتركيب الحيوانات المنوية . يتضح من هذه الدرسه وجود تغيرات 
كيمائيه وهستوباثولوجيه فى المخ والخصى عند تعرضهما لمجال مغناطيسى ذات 
تردد بالغ الانخفاض ويحتاج الأمر لمزيد من الدرسات لمعرفه امكانية حدوث هذة 
التغيرات بجرعات مختلفه ما أذا كانت مؤقتة وقابله للشفاء عند منع التعرض من عدمه 
»> كما ينصح أيضا باجراء ابحاث أخرى للتقليل من الأثار البيولوجيه وطرق الحماية 
من هذا المجال المغناطيسى ذات التردد بالغ الانخفاض . 
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